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ABSTRA! 


Starting with general drawings and information 
furnished by Pr. James &. Allen, the detailed draw- 
ings, assembly procedures, and processing techniques 
were developed by the investigation reported in this 
paper. Three tubes were completeé, of whieh the 
last one was successfully operated and tested. 

The limitations and cheracteristics of the elec-~ 
tron multiplier detector are discussed and the design 
data for some useful associated amplifier deduced 
therefrom. Two of such amplifiers were constructed, 
tested, and used in the countine of particle sources. 

A radical departure from accepted procedure in 
heat treating of electredes was tried in the final 
tube. This process, hydrogen firing, produced mul- 
tiplication and particle sensitivity such that the 
indicated efficiency and range of operability are 
appreciably better than those previously obtained by 
pr. Allen. 
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- INTRODUCTION 


The most widely useé detectors of single particles at 
the present time are devices that detect the ionization 
which ig produced in a gas by the pnasage of e nuclear 
particle. Peteotors of this type are called Geiger~Mueller 
counters, proportional counters, or lonization chambers 
depending upon the amount of gas amplification which is 
utilized.* They possess many attributes such as simplicity, 
large sensitive area, and high efficiency, which account for 
their wide use. 

The detector that is discussed in this paper is funda-~ 
mentally different from these in that gas ionization plays 
no useful role in its operation. Instead, secondary elec~ 
trons released from & metal surface by the impingement of ea 
particle serve as the initial event in the detection. These 
secondaries pags through an electron multiplier which aug- 
nents the beam current until it is large enough to produce 
“A Gelger~Mueller counter is operated with an electric field 
in the Getection region that easuses a complete electrical 
breakdown of the gas when « single ion is produced therein. 
The amount of current drawn during the breakdown {es the same 
regardless of the number of fons which were initially pro- 
duceG in a single detection. 

A proportional counter is operated with an electric field 
thet is sufficiently strong to produce multiple ionization 
in certain regions of the counter, but sot te such an extent 
that saturation current is drawn. The current drawn by the 
counter in the process of Cetection remains proportional to 
the number of ions initially produced in the counter. 

én ionigetion chamber is eperated without utilicine any 


multiple lonigation. The charge detected is just that which 
is formeé by the particle which enters the sensitive region. 
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a-convenient voltage pulse ecross the output capacity of 
‘the multiplier. <A short history of the device will serve 
to point out its significant characteristics. 

Ag early as 1910 it was known that certain metals, 
when bombarded with electrons, had the property of freeing 
low energy secondary electrons which exceeded the bombard- 
ing electrons in number. This phenomenon was first em- 
ployed other than by acciéent in 1936 by Zworykin, Morton 
and Malter in their éesign of en electron multiplier tube. 
The first precticel multiplier used negnetie focusing of 


the electron beam. ‘>? By 1939, completely electrostatic 


focusing hac been perrectea. 2) 

The magnetic field was made unnecessary by so shaping 
the electroéea that all electron paths terminated on elec-~ 
trode surfaces in regions of retarding electric fields. 
This hed the effect of causing all secondaries which were 
released to be accelerated toward the next electrode. The 
electron paths in the criginal electrostatic multiplier are 
shown in Fig. 1. This Crewing was taken from the published 
results cf the researches of cworykin and Ra jehman') in 
this fielé. The immeéiate application of the electron ml- 
tiplier wes to amplify the small currents originating on e 
photocathode. 

Dr. dames S. Allen, working at the University of 
Minnesota, first succee€eé in using an electron swultiplier 
as &@ purticle detector. In the procees of studying second- 


ary emission from metals bombarded by protons, he observed 
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thet the secondary electron-proton ratio of the metals 
studieé was about four for protons having energies of 

120 kev. ‘2? After being outgassed most metals were found 

to huve lower secondary electron-proton ratios, averaging 
about two. In the case of beryllium, however, the ratio 
was observed to rise to about seven or eight after it had 
been heated in a vacuum at 650°¢ for ten ainutes. xollath'*? 
found a similar increase in the secondary electron-primary 
electron ratio of beryllium when heated in oxygen as weil 

as when heateé in a vacuum anc concluded that the activation 
was the result of a change in crystal structure on the 
beryllium surface. 

In the Allen tube, ss criginally designed, the elec- 
trode surfaces were made by evaporating beryllium ento 
nickel plates. later, Allen discovered that commercial 
beryllium copper served equally well, and the electrode 
surfaces in subsequent designs were made directly from 
sheet beryllium copper. Seryllium was used az the active 
element in the dynoce surfaces of the multiplier as well 
as in the particle-sensitive cathode because it was found 
to possess the following characteristics: 

{1) It has a secondary electron-primary electron 

ratio of about four after the heat treatment 
Geseribed above. Gee Fig. 2. 
(z) It ean withstand the outgassing temperatures 


without melting. 
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Fig. 2. 





(3) It oxidizes quite slowly in air, making 
possible the exposure of the heat treated 
surfaces to air during the final assembly 


without significant loss of activation. 


(4) Its photoelectric work function is 3.92 
volts, rendering it insensitive to light 
in the visible range. 


(5) The thermionic emission at room texperatures 
is in the order of a few electrons per minute 


from any one cdynode. 


The edvantage which Allen first claimed for the de~- 
vice as a particle detector was the elimination of the 
air path and window through which a particle from a source 
under vacuum must travel before it enters the ecenven- 
tiona: Seliger-“Mueller counter. Sinee the multiplier 
could form part of the same vacuum system that the par- 
tiole source was in, it coulé be used to detect particles 
of mueb lower enersies than could be detected by a device 
that depended upyon the ionigation of e gas. 

A second advantage cf the nultiplier-detector over 
the Geiger-Muellex ccunter lay in the exceptionally low 


background count which Allen found possible to achieve 
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using beryllium as the active electrode material*. A 
buckgroundg of five counts per cinute waa cheerved to be 
typical under setisfaectory opereting conditions. This 
compares favorably with the background of 10 to 80 counts 
per winute, typioal of «a Geiger-ueller seensen, 
Interest in the Allea tube has recently become cuite 
great for a €ifferent reason from the two cited above. 
The multiplier detector has a much shorter resolving time 


than any other typs of particle detector now in use. Oper- 


ating in a good vacuun (107° sam of Hg) it should have «4 


(7) 


resolving time of about & x 107" seconés.’’ A rough compu- 


tation of the multiplier resolving time, made on the basis 

of certain simplifying aseumptions, is presented in Appenéix 
A. A more elaborate calculation, presenteé by J. Owen-Harries, 
yielés the distribution of transit times shown in Fig. 3. 

In the everage ionization chamber, on the other hand, ion 
cOllection time is of the order of 50 micro-seconds. This 
would limit the resolving time to 107% seconds. For co- 


ineldence work the effective rerolvinge time of ionleation 


"This low background count is in no way inherently charac- 
teristic of electron multipliers in general. Attempts to 
use photornultiplier tubes with cesium oxide surfaces suoh 
as the RCA 9314 as Single particle detectors have net proved 
very enccureging because of the large background count ob- 
taineé. The Gark current et room temperatures in euch tubes 
as these is about che microampere, while even when the tubes 
are jemerseé in licuid nitrogen, the background count is in 
the vicinity of 100 counts per minute, or twenty times that 
observed in the Allen tube at room temperaturest 
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chambers may be mace as low as 107? seconds by measuring 
the voltage rise resulting from electron collection only. 
For rapid continuous counting, however, the conventional 
ionization aus, or Geiger-Mueller vounters, ere 
limited to a resolving time of 1074 to 107? pecente.””* 
The great reduction in detection resolving time obtained 
by using the Allen tube is important for two reasons. It 
opens the way to much more refined measurencnts of nuclear 
time intervals by coincidence technicues, anc it also pro- 
vides the beginning of s means of measuring the strength 
of very strong particle radiation such as is encountereé 
in fission experiments. 

The purpose of the work to be described was to con~ 
struet, process, and test as many multiplier-detectors 
of the Allen cesien &e aleht prove necessary to cetermine 
and overcome the difficulties involved in their construc- 
tion, to learn the most practically effective method of 
ectivating their surfaces, and to observe their cperating 
characteristica, particularly background count, alpha 
particle eount, and electron multiplier gain, that thereby 
an evaluation of the device as a practical leboratory in- 
strument might be mage anc suggestions for further inves-~ 


tigetion micht be offered. 
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The multiplier detector was constructed according to 
design Gata furnished by Pr. Allen*, except for certain 
modifications which will be described later. The machine 
work involved in the construction of the tube wes per- 
formed in the Nuclear Science and Engineering Machine Shop 
of the Institute**. The shop drawings prepared by the 
“ynehrotron Laboratory of the Institute «re included in 
Appencix C. ‘The construction and assembly of the tube was 
accomplished as Geseribed in the following paragraphs. 

The multiplier dynodes were mede from anneaisé 
beryllium-copper. (Petaileéd properties of the metal used 
are presented in Appendix f.) They were stamped into shape 
and crimpeé to nichrome support wires as inéicateé on Iwe. 
A~1025-0 by a hand press using dies speclally designed for 
the purpose’. 

The collector electrode was originally constructed as 
indieated in Allen's design, but the spacing between the 
wires forming the collector and the surfaces of the last 
dynode was found to be so small that on one occasion a 
smali emount of warping of the last dynode during the heat 
treating process caused the two to make contect. For this 
“ See Appendix H, 

*“yr. Gunner Lysell was the machinist assigneé to the jab. 


+ These ales made by Mr. Lysell are in the possession of 
the Synchrotron Laboratory of the Institute. 
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reason the collector in later tubes was mace with the 
parallel wires spaecec closer together, as inciexuted on 
Dee Awe1025-G. It wes thought that the resulting recue-~ 
tion of capacity would sot only inereaese the eizxze of the 
cutput pulses, but would also reduce the electrostetic 
pick-up from the adjacent dynode surface. 

The insulator supports were constructed of myoalex 
in two of the tubes and of Grade 4 Lavite in the others. 
The firing of the lava for the fourth tube wus carried out 
in an atmosphere of hycrogen. Its color after firing was 
dark grey with a black granuler appearance at various 
places on the surface. This aroused suspicion in view of 
the fact that the fired material was supposed to heve a 
pink eolor. Its electrical resistance was found to be low 
for the meterial (in the hundreds of megohms). When the 
greatest pert of the bleck material was removed, an in- 
provement in the electrics] resistance was observed. A 
further inprovensal wee observed when it was heated over- 
night in ao dessicator. It was concludec then that the 
perticular sample of lave which was being used contained 
metallic oxide impurities whieh were reduced by the hydro- 
gen firing leaving the fired material coated with a thin 
layer of metale ané leaving a certain amount of water 
trapped in the material just unger the surface. Firing 
pieces from the same sample in oxygen did not involve any 


of these 4iffieulties. On the other hand, oxygen firing 
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is disadvantageous because a longer time is required for 
subsequent outgassing of the material. 

The base flancse was turned from cold-rolled steel 
and Grilled for the slectrode eyelet seals, the yacuum 
connection and the shell holding-down screws as inéicated 
on Dwg. B-1025-E. <A length of copper tubing waa heard 
soldered to the base flange for cooling purposes during 
heat treating. The threaded collar iilustrated in Dwe. 
B-1025-X, pe. (1), was herd soldered to the sottom of the 
base flange as indicated in the assembly drawing 1-1025<A 
to serve as a mounting for e shielded ecnneetion to the 
preamplifier. The vacuum connection snown in detail on 
Dwe. A-1025<¥ was hard-soldered to the base flenge in the 
position indicated on Dwe. P-1025-a. The bese flange as= 
sembly together with the components of the underbody and 
the shell assembly, Dwes. 8«1025-0, G=-2025-E, 8-1025-6, 
elO25-P, C-1LO25<-0, and O-1025-K, were nickel plated. 
Those parts whieh were made fron steel were given a one 
mil copper plating followed by e one to two mil nickel 
plating. Other perts were given a one mil plating directly. 

The eyelet assemblies iLllustrated in Dwea. 0-1025-], 
G-LO25—3, and C-102Z5<-K, were made by the Nucleer Science 
and Engineering Glasa Blowing Shop. These lead-ins were 
bent into the shapes inédieated on Dwa. §-1025-", They 
wore then soldered in place in the base flange by the 


Following preeedure. 
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The eyelet ussemblies were first cleaned by being 
brought to a boil in inhibited hyérechloric seid and then 
buffed on a brass wire wheel. They were carefully heated 
over & bunsen flame until solder could be applied. hoil- 
ing hydrochloric acid wae applied after they had cooled 
somewhat. Hepeated applications of solder ané acid in this 
fashion eventually proéuced a uniform tinning over the ex- 
posec surfaces of the kovar eyelets. 

The plateé base flange with underbody assembled was 
also tinned in the vicinity of the eyelet holes. The eye- 
let assenblies were inserted in the appropriate holes as 
indicateé on Owe. D-1025-V¥ with washers of seft solder 
pleced underneath and above eack eyelet flange. The eyelets 
were helé in plece by suspending weights from the lower ends 
of the kovar lead-in wires. Aoid flux was epplied and the 
complete assembly was placed in an electric furnace. ‘The 
temperature was Slowly raised to the flowing point of the 
soft solder (188°C). With the help of tweezers the lead-in 
wires were twisted into plece to insure a good seating of 
the eyelsts on the base flange. Following this, the fur-~ 
nace was left te cool to room temperature. 

The soidereé assenbly was cleaned in boiling water. 
Three changes of water were used. 

The procedure cutlined above proved to be moderately 
vacuum tight. That is, with a two-stage diffusion pump e 


pressure of 107% mm. He. was obtaineé. When & small amount 





= | sees 
Or ire Meakin oh 
Cntperbes ah Ad seems ero Wwaitie wudear, oor 
6 Geet crleusi le emare—<co edits «i tuk hel! cummed 
ee Kiem 2m cleo om 


vt vee “OL 4 7 wens 


of glytol was applied on the outside of the tube in the 
vicinity of the seals, cver the gluss and solder, a pres- 
sure of about 107° ma, Hg. was obtained. Strain cracks, 
however, were observed in the glase. It wee found in one 
instance that the electrical resistance across the glass 
seal was as low as 30 megohms compared to resistences of 
200 to 1000 megcohms across the seals which were not ob- 
served to have cracks. It war felt that these cracks 
originated during the tinning process. Attempts to obtain 
a tightly soléerec seal detwoen the kovar an¢ the nickel 
plating when only the base flange was tinned were not suc- 
cessful. Copper pleting of the kovar eyelets was found to 
make the tinning easier, but strain cracks developed never-~ 
theless. “The importance of obtaining a good vacuum without 
the use of substances likely to contaminate the surfaces, 
and of avoiding leakage currents through ¢racks in the seals, 
demunded that « better glass sexl be obtained. At the sug- 
gestion of Dr. I. A. Getting of the Massachusetts Institute 
of Technology, the ¢luss blower was requested to furnish «4 
new set of glass seals, constructesé as shown in Fig. &. 
These possessed the adventage, when mounted in enlarged 
holes, of permitting a differential expunesion between the 
eyelet flange ané the glass without epplying a atrain 
directiy to the glass. These eyelet seais were also super- 
for in workmanship to those previously obtained. Hone of 
them developed strain eracks due to the tinning or soléer- 
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- The soldering of the seals described above was per- 
formeé by Pr. Cetting. Two bunsen burnere were played 
upon the base flange until it wee heateé to the melting 
point of solder. Thereafter the tinned eyelets were 
dropped in one at a time. ‘The area in the inmediate 
vicinity of the eyelet just inserteé was heated with a 
bunsen burner @s soldering acid was applied. By puddling 
the solder in contact with the kovar it was made to wet 
the flange evenly. After the second attempt, using this 
procedure, @1l1 seuls were found to be vacuum-tight. 

Connections between the exterior ends of the kovar 
lead-ins end the voltage divider were made by crimping 
onto the lead-ins small nickel sleeves to which leads of 
70 mil solcer wire had previously been fused. Solder was 
useéd because a large diameter of wire was needed to cuard 
against corona. It was consicereé unwise to try to join 
a heavy rod of any stronger material to the glass -supported 
lead-in wires for fear of doing damage to the seals. 

After all electrical connections had been made, the 
voltage divider end the underside of the base flange were 
potted with white ceresin wax as a further protection 
against corona and surface leakage. This wes Gone by 
melting the ceresin and bringing it to a temperature of 
about 100°C, Just before pouring, the area to be covered 
with ceresin was heated with a heir drier, in oréer to 


evaporate water and improve the surface contact with the 
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cerésin. After pouring the wax, the completely assembled 
tube base was left to stand for ten hours to permit a 
thorough hardening of the interior of the ceresin. 





- Zpovessing 
With the Alien tube certain procedures must be fol- 


lowed in obtaining and maintaining operation of the tube. 


The neceseary conditions and activities will be deseri bed 


under the heading of “Processing”. 


fhe chronological steps in the processing are listed 


below: 
le 
Re 


Je 
Le 


5. 


— 


Clean all parts of the tube. 

Vacuum test the assembled tube shell and 
base plates. 

Feat treat the dynodes. 

Assemble the slestzede etructure and spot — 
weld internal leads to the mounted elec- 
trodes. This step should not require more 
than one hour exposure to air. 

Replace the metal tube shell, mount the en- 
tire structure on the yacuum system and pump 
it Gown. Low pressure is meintained through- 
out the operating life of the tube with the 
possible exception of brief exposures to ate 
mospheric pressure when changing windows. 
Generally the fore pump is left running at 
@ll times and the Giffusion pump* used for 


an hour prior to and during operation. 


* For capacities end data on pumps, see Appendix E. 
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' The specific requirements of processing will be ¢is- 
cussed in more Getail in the following paragraphs. 


Preesure Requirement: 

The Allen tube may not be operated or maintained 
active unless the dynodes ave in @ low pressure medium. 

The lowest pressure required being that for actual opera- 
tion of the tube, this demend will be discussed first. It 
is obvious that the eleotrons traversing the space from 
céynode to cynode must have a mean free peth which consid- 
erably exceecs the inter-cynode distance. [If tiis condi-+ 
tion were not achieved, the electrons incident on a 
multiplying surface could lose so much energy in inelastie 
impacts that they woulc be unable to produce the recuired 
number of secondary electrons. Further, the ions formed 
in the tube would be comparable in number to the electrons. 
Such tons might migrate to the surface charge on the in- 
sulator or they might aequire considerable velocity ané 
strike a dynoée. Hither action could result in the pro- 
éuction of multiple pulses. 

The exact computation of electron paths and velocities 
cannot be uncertuken since the equipoteati«al surfaces cen- 
not be defined muthemeatically. However, a brief qualita- 
tive study of the electrode confisuration indicates a 
probable path length of about 2 om. per Gynoée. If uniform 
aceslaration along this path is assumed and an inter-dynods 


voltage of 400 volts is specified, the average veiceity of 
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the_electron along the path is the same es that of an 
electron which has been accelerated through 100 volts 
(half of the final velocity being, equivalent to «e fourth 
of the final energy). The table below cives the necessary 
data for the computation of ion peire formed uncer the 
given concitions. 


Electron energy Pressure, mm Hg No. of ion pairs 


per meter 
100 eV 1074 0.09 
100 eV 107? 0.009 
100 eV 1076 0.0009 
100 e¥ 107? 0.00009 


If the multiplier tube has an Overall gain of one million, 
the multiplication at each of the twelve active surfaces 
is 3.16. Hence, fer eech million electrons which traverse 
the final 2 em. path, one-third of this number travel the 
next to the last path, one-ninth of a million travel the 
second from the last path, ete. For a single electron at 
dynode 1 or 2, the totel number of 2 om. paths is then: 

1,600,000 + 360,000 + 100,000 + 30,000 410,000...2 1,450,000 
Ginee a high energy particle may produce four eiectrone at 
cynoées 1 or 2, the totel path length per pulses is: 

4, x 1,450,000 x .02 x 10°? = 116 kilometers. 

With this totel path per pulse ané the figures on ion pairs 


procuced, the number of ions per pulse is computed as: 
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Pressure in mm He ion pairs per pulse 


1074 10, 440 
1079 1,044 
1076 104.4 
107? 10.4 


It is seen that at 1076 m: of He the number of lLons per 
electron is very small and this pressure is thus considered 
to be a workable operating pressure. It 15 here worth 
noting that all but 10% of the ions are produced in the 
vieinity of ¢ynodes 12, 13, and 14. If these ions migrate 
to the nearest negative ecynode they will clear the area 

in about 107? sevones. Hovever, should they migrate to 
déynodes 1, 2, 3, or &, they will arrive there in about 107 
seconds and have sufficient energy to produce secondary 
emission. This latter occurrence must have a very smell 
probebility. Otherwise the tube would produce e continuous 
eurrent. 

In order to maintain the activity of the multiplying 
surfaces the pressure within the tube should be kept es 
low as is practicable. With the fore pump operating cone 
tinuously, a pressure of 107? mm of Hg should be available. 
With the pump capecities used in this inveatication, the 
tube pressure could be redaced te 107° me Of He about one 
hour after starting the Giffusion pump. after « second 
hour the pressure could be expected te drop to & or 5 x 


1076 mm Of He. Operation san be started when the pressure 





dreps to 2 x 107°. At higher pressures there seems to be 


an internal discharge starting when the voitage of dynoées 
lL and 2 is about 50900 volts. 


Heat Treatment: 

The precise mechaniss of seconésry emission is not 
known primarily because the arrangement of metallic atoms, 
gasses, and impurities at the multiplying surfaces cannot 
be determined. Consequently, the operations for treating 
a multiplier surface are usually arrived at empirically. 
Dr. Allen's years of experience with beryllium surfaces 
resulted in the following treataent for annealed beryllium 
copper (2) whose beryllium content is nominally 2% by waircht. 

“fhe cleaning procedure consista in polishing 

the electroées either with fine abrasive paper 

or & small felt polishing wheel. After the 

polishing operation, the electrodes are cleaned 

with C Cl). 

"We assemble the complete electrode structure 

ané place it in a glass tube which is then evacu~ 

atecé. The electrodes sre heated by means of an 

ReF. coll plaeed around the glass tube. The teme- 

perature of the electrodes ia about 600 to 700°C 

(a Gull red) and the treatment time about ten 

ninutes. After the heet treatment the electrode 

syoatem may be removed from the tube and mounted 


in the metal multiplier shell.” 
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In thls investigation two setheds of heat treatment 
wore attempted. The first to be tried was used on two 
asnembled tubes, the second of which was heat trevted 
twiee. This first method was an attempt to heat the 
dynodes after the entire structure had been ssesembled 
and emplaced in the tube. The metal cover was repleced 
by a glass bell jar which was seated on an auxiliary 
flange. This system was then pumped down and the in- 
ternal structure heated with on R.F. eoil. After an 
hour of outgassing at incipient red heat, the tempera- 
ture of the dynedesr could be reised slowly to sbout 600°¢ 
ang the heat treatment started. Becuuse of the attenua- 
tion of the &.F. field by the steel bane plate, only four 
éynoées could be heated at a time. The process was there-~ 
fore completed in steps. Typierslly, dynoces 13, 12, ll 
and 10 were heated simultaneously; then, 9, 8, 7 ané 6 
were heated; then 6, 5, & ané 3; and finally 1 ané 2. 

Note that there ig an cverlap on éynode 6. Actually, 

the four dynoties adjacent to those being hoatecé were ob- 
servec to be at incipient red heat and the setual overlap 
of the treatment is more than that indicatec above. The 
heating of dynodes 1 anc 2 separately is necessary because 
2 shielés ] from the &.F. fielé unless the heating coil is 
canted sbout thirty degrees. Nickel shields” were removed 
Guring this heatine perocess since they tended to form a 


closed loop around the top four dynoéges. 


* See Appendix F. 


is et 
seme mere diat 20 ee 


ae Hen ok SEopepes § tm Lang) Ty ttre 
- 0 dre ORE 9.8 ras eons 1 ontotce © 


- SALE ete errs eee Somes tn tems 
OPE GF Res DE! sells seer, see usk nie) acto 
eth Lewy re sas ae oe mmose 


:' 2) ewe oo * 





The second method of heat treatment was used on the 
third and final tube. In this method, the dynodes were 
heated before assembly in the insulator plates. ‘he 
treatment consists of peaking all of the dynodes simul- 
taneously in a quartz tube in 4 stream of hydrogen at 
atmospheric pressure. The heat is supplied by an external 
coaxial filament. Control of heat was cbtained by supply- 
ing the fllament from 4 variac. Temperature was measured 
directly with a thermocouple. This procedure permitted ac- 
curate control of beth the temperature and the heating time. 
Excellent results were cbteined when the dynodes were 
heated for 10 minutes at 650°C. 

Some Claecussion of the advantagea and disadvantages 
of the two heat treatments described seems in order. The 
first method more closely approximates the Allen treatment 
Since the heating is done in a vacuum. It has the follow- 
ing advantages: 

1. The structure is all assembled except for the 
shields and the exposure to air when mounting 
shields and replecing the bell jar by the 
metal shell ia kept to aminimum. About twenty 
minutes' exposure is necessary. 

2. The heat treatment could be repeated by merely 
removing the nickel eahleldgs and replacing the 
metal shell by the bell jur and auxiliary flange. 

3. The dynoges are not touched or handled after 


the treatment. 
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The éisadvantages are numerous and will be listed as 


briefly as possible. They are: 


i. 


Le 


During the outgassing ane heating, the bese 
plate, bell jar, insulator plates, ené the 
flange and gaskets are warmed to about 8&0 

to 100°C ané there results some contamine- 
tion of the Gynocee by forelen substances 
whieh boil out at these temperatures. 

The insulator ploutes become slightly coated 
with evenorateé metel anc the resietance 
between dynodesn falls to the range 50 to 

250 megohna. The more prelonged the heating, 
the lower the reelstance becomes. 

The heating is not uniform, nor is the time 
of heating subject to close control. Further, 
there is no precise wey to measure the ¢ynoée 
temperature einee the ordinary optical pyro- 
meter Goes not operate at 600°C. 

The use of an 2.F. heater requires that the 
tube and its vacuum system or the K.F. heater 
be moved. Thie is inconverient ané time con- 
suming. The shortest treatment achievee with 
this system took one working day. 

Since contamination occurs, the advantage of 
reheating the ¢ynodes is lost. It was ob- 


served durines the second heating of the second 





tube that the dynode color when cold changed 
very eonsiderably. At the seme time, the re- 
Sistance of the insulator plates between 
dGynodes decreaseé by about half. 


The advantages of the second heat treatment employed are 


as follows: 


i. 


3e 


he 


Control of temperature an¢ heating time is 
possible. 

Contamination is reduced to a minimum because 
of the action of the hydrogen ané because no 
parts of the tube other than the dynodes are 
heated. 

The equipment required is reletively simple 
and the vacuum system is not involved in the 
heating. This latter factor is important in 
preventing ccontamination of the diffusicn pump 
oil. 

The entire process reguires about one and one- 
half hours as compared to one day for the other 


treatment. 


The disadvantages of the seecnd method are: 


i. 


Re 


The treatment cannot be reacily repeateé since 
the entire electrode structure must be removed 
and disassembled in créer to reheat the cynodes. 
The length of time in which the Gynodes are 


exposed to air after the treatmeat is longer 
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than the exposure with the first method. 
3. The é6ynodeg must be handled after treate 

ment. This introduces a probability of 

contamination. 
The results obtained with a tube heat-treated by tha 
second method were far better than any obtained from 
tubes treated by the first method. The longer air ex- 
posure anc the probability of contamination by handling 
of dynoGes éo not eppear to detract. from the ultimate 
performance. However, some improvement of the first 
method is possible. For example, the hese plate end 
auxiliary flange can be heated curing the vacuum test 
of the components. If this heating is continued long 
enough, the preszure in the system approaches a low 
atable value, incicating that the base plate and auxiliary 
flange are outgeasseéd and that contaminating substances 
have probably been removed. An experiment was conducted 
en the bese plate and auxiliary flange in which they 
were heated to about 100° by passing steam through the 
cooling coils. After 12 houre of heating, the preesure 
in the system resched a stable value. Meanwhile, the 
upper surface of the bell jar had been cooled with ice 
and « yellow, greaselike residue collected thereon. This 
residue is believed to be mainly composed of Octoil from 
the diffusion pump. The yellow color is attributable to 


contamination of the oil by the impurities removed fron 


art dimes spoiler » bee 
imetiemes ace + ernhinw 8s ewtiset 
a 
TE TY Helen ee we Lis oes 2 HOI/ #4 deedewo 





the base plate and flange. If, as is suspected, the 
base plete and flange are the principal seurces of con- 
tamination, the process described aebove would almost 
certainly improve the results obtained when heat treat- 
ing by the first method. However, unless temperature 

and time of heating ean be better controlled in the first 
method, results comparable to these obtained with the 
hydrogen heating cunnot be expected. Consevcuently, the 
second method is reocmmenced. 








to the Construc- 


ruction Phase. 


In the course of this work three tubes were completed, 
of which only one, the third, proved successful as & paer- 
ticle detector. The reasons for the failure of the other 
two, while not completely Known, can nevertheless be sur- 
mised from piecemeal data obtained in studying verious 
aspects of the problem. Generally, they reduce to these: 

(1) The presence of spurious signels resulting 
from leakage obscured whatever perticle re- 
sponse there may have been. | 

(2) Contamination of the active surfaces reduced 
their efficiency. 

(3) Failure to achieve optimum heat-treating con- 
ditions resulted in low electron multiplica- 
tion. 

(4) Insufficlently high vacuum may have given 
rise to excessively high ion currents in 


the tubes. 


The metter of contamination and heat treatment has 
been well susvanrized in the preceding section. Now 
measures affecting the construction of the tube which 
were found necessary to produce a satisfactory cetector 
will be reviewed. 

(1) The design of the giass seals on the lead-in 


wires must be such that there is at least a 
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(2) 


slightly elastic connection between the solder 
joint and the area of the glass-to-metal seol. 
If this is not provided in the design, the glass 
is strained curing the cooling of the base 
flange after the soldering. Crecks in the 
glass ané porous solder joints are likely. If 

a@ crack in the glass should develop, the best 
thing to do, of course, is to replace the eyelet 
seal with a new one. If this should prove im- 
possible to do, the next best thing to try is 

te coat the region with a wax heving suitable 
resistance and vapor pressure “8 well as seeal- 
ing properties. avoid using solvents in the 
vicinity of the crack for they were observec to 
carry more dirt into cracks then they ever re~- 


moved. 


The bunsen burner method of soldering the eyelet 
seals in place, if skillfully carried out, is 
Ssaperior to the oven method for two reasons. 

The pudding an€ judicious application of fiux 
in regions where the solder does not flow 
reacily appears to be very necessery for a 
vacuum tight joint. Moreover, when this method 
is used, small erevices which appear as the 


solder seta anc contracts may be individually 
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(3) 


(4) 


(5) 


attended to. Some of the element of chance is 
removed. 

whe hyé€rogen firing of Grade 4 Lavite is not 
reccmuended on the basis of the axpertence citeé 


previously. 


Some difficulty was eneounteread in spot-welding 
electrical connections to the nichrome support 
wires. A substitute material for tnes6 wires 
should be sought. In connection with this, a 
tweezer spot welder is an essential tool for 
rapid assembling of the tube after heat treating 
it. Soft-soldering electrical connections to 
kover is not recommended if it can be avoided. 
Where it is necessary, a very hot iron and acid 
flux are recommenced. Scraping the oxide from 
the surface as the kovar ie heated helps in tin- 
ning. A tin plating on the kovar eyelet is worth 
trying. 

The exterior dynode connections should be made 
using smooth sleeves ané large diameter wire 
everywhere. This applies to the corzstruction 

of the voltage divider as well. The entire high 
voltage system should then be potteé as a fur- 
ther means of suppressing corona ané leakage 
disturbances. The use of gyltol in contect with 


the high voltage ieads is viewed with suspicion. 
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ne, Part I, Processing Phase 





After assembling, processing, and testing three tubes 
certain facts pecome eelf-evident and cther watters are suse 
peeted of belng important. The benefit of such experience 
ao wan obtained in this part of the Inveatigation ia given 
in the comment below: 
le. The cleaning of ail surfaces whieh will ultimately be 

within the multiplier tube shell is a most impertant 
factor in obtaining the Gesired multiplicaticn. The 
contamination of dynedes which waa observee in the 
firet two assemblies tenced to correlate with the 
measured multiplication. “hat ia te say, the more 
contamination observed, the lesa the multiplication. 

In the final tube asgsemvlecd, the cynodea were scoured 
with four abrasive papers of graduated fineness and 

the scoured dynedes were then dipped in varicoum clean 
solvents and Cinally cleaned eleetrolyticaliy. after 
heat treating these cynodes were handled with tweezere. 
Xt in quite probable that the improvement noted in mule 
tiplication of this set cf édynedes is at least partly 
the result of this cleaning process. 

@. The heat treatment of dynodes tn hydroren appears to 
preduce excellent results. “he disadvantages of this 
methe nave beon previously discumggecd and it le here 
recommended that the following stuclee be conducted 
by anyone interested in preduecing thie type ef tude: 


{a} Desion the electrece supporting atructure ang the 
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electrical connections to the electeredes in such ea 


~puanner that they may be more rapidly assemblec an# 


so that they may be readily disassemtled for sub 
sequent heat treatwents. (6) Chserve and identify 
the residue left in the quartz tube during the firing. 
If this residue could be eliminated, the asaecmdled 
electrode structure could be heated as a unit and 
considerable time and danger of contamination elimine- 
ated from the process. (c) A atucy of the resultant 
multiplication as a function ef temperature and time 
ef heat treatment should be made. 
A mofifieation cf the orlginal desiyn isa suszested 
wnich is Intented as a fulce to some pepalble future 
work in thia fleld. <A aketech of the revised atructure 
is shown in figure S. The intention of this modifl- 
cation is to eliminete four of the principle problems 
encountered with the design used in this Investigation. 
Theee four probleme ares 
le bifficulty of assembly and disassembly cof 
the electrede atructure. 
ee PLffliekhlty of sealing in fourteen glass to 
kovar eyelets without having, etrain cracks 
or vacuum leakee 
Se Wiimination cf corona. 
&e« Piffieulty in heat treating anc handling the 
treated dynodes and the reduction of the ex 


posure of these Cynodesa to alr after treatment. 
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F709. Sims. 


“he sketch of figure & shows the electrcede etructure, 
hich voltage lead, and half of the voltage divider 
mounted on the base plate. The single hich voltage 
lead becomes a flat rigid satrap in the tube interier. 
“his strap serves as a tep suppert to the resistors 
of the voitege divider and durther is a negative 
ehielé which tenés to collimate the electron beam 
and remeve ions from the active area. The use of 
auch a cevice would eliminate the netcesaity cf ine 
sulator platea and the consequent provable troubles 
with eurface charge on these plates. The resisters 
of the veltage divider can be obtained by extruding 
titanium dloxide in rods of about one inch outer 
Alameter having a amall central hole. ‘the ems of 
these resiators are metallized to afford contacting 
surfaces. ‘Theae reaistora are fLred in oxygen to 
control the reaistivity. In the sise shown, the ree 
sistance per unit could be almost any value leer than 
1000 megohmsa. If the resistors were aged in a vacuum 
the ultimate realstence sheuld be quite constant 
The Gynedes of thie mocificaticn would have the same 
form as thess used in this investigation. However, 
en the back of each dynoce a metal strap is spot 


Welded and the strap Le vent in such a mancer that 


Profe “ee Ge “yeckenricge, Insulation teseareh Labore- 
tories, .I.T. Wae consulted on the practicability ef 
titenium dloxide registers of this eige and forme “he 
Sate on realatora given above represent his cpinions. 
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the surfaces away from the dynoce are herizental 
when the dynode is held in the correct poaition for 

a tube with a vertical axia. ‘The end of this strap 
away from the déynode eghould have e semictreuler ferm 
to conform to the shape of the resistora. In the cen- 
ter of the semt{-circle a smill dowel pin or tapered 
plug sheulé be attached se that the pin or plug fitea 
inte the emall hole in the interior ef the realisters. 
This arrangement locke the strap and the eynoce in 
position. The bracket and screw shown mounted on 

the hich voltage strep serve te support and compress 
the resister column and thus leek It into place. 

Any attempt to go inte further detall would be futile 
without making the complete design. 

"he reeflesiren proposed above solves the four 
probleme mentioned itn the follewing ways. assembly 
and Cigassembly are accemplished by stacking or wne 
stacking resistors and dynedes. The only locking 
plece ia the top screw. There are no spot welded 
connections. “here are tut two class to metal seala 
to consider. Their placement and sige are not as 
critical ag in the previeus tubes. ‘The singis high 
voltage lead can be of large diameter, anc this plus 
the simplicity «cf the system should eliminate coronas 
"ith tele ecesigcn, the time between heat treatment ent 
‘inal assembly of the tube can be reduced te 3 or 4 
minutes. urthermore, subsequent treatments will re- 
quire a minimum of effort and time since there are ne 
wires to clip or apet welds to make. 
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The processing of the Allen tube should result in an 
electron multiplication of about & per dynoda. Since 
there sre 12 stages of multiplication, this gives an over- 
all gain of 17,000,000, Sueh gain cunnot be measured 
directiy becsuse 1t is not possible to compare the normal 
input to the output. However, it is possible te measure 
the multiplication per dynoée for many of the éynodes and 
thus check the results of the processing. This multipli- 
cation measurement is made by using a mercury aro to start 
photo emission at dynodes 1 or 2. Direct current of suffi- 
cient magnitude to permit acctirete measurement with a 
sensitive calvanometer is then obtained at many of the 
higher numbered dynodes. The ratio of current measured 
at adjacent dynodes is directly related to the average 
muitiplication of one of these dynodes. If, for instance, 
the electron current leaving dynode 9 via space toward 
dynode 10 is measured, and then the electron current leav- 
ing 10 for 11 via space is measured, the ratio of the latter 
current to the former is the multiplication at dynode 10, 
The fact that such ratios are seldom integral numbers in- 
dicates that the average multiplication is messured. The 


Gireuit ciagrammed in Figure 6 is that used to mensure the 
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G@lectron current leaving dynode 10 for dynoéde 11. Note 
that dynodes of higher number than 11 are also used to 
eOllect this ourrent. This ig necessary because the 
electrons incident at 11 mey cause secondary emission. 

In some instances it may be well to elevate the voltage 
at all the eollecting electrodes to prevent some eleo- 
trons from migrating to the grounded motal shield. For 
the currents and voltages actualiy useé, this corrective 
measure did not change the current observably. Listed 
below 4re some typical mensurements made using the method 


just described: 


bynode Current Multiplication 

14 64.7 microamperes 0 

13 39.0 * 1.66 

12 175 7 2.23 

Li 7-8 . Read 

10 3047 =" 2071 
9 1.26 ”* 20725 
8 0.49 ” 2.60 
7 0.157 * 313 
6 0.05 * 3.13 
5 0.016 " Zell 


A second method of measuring the multiplication in 
which the current measured is somewhat larger is shown 


in Figure 7. With this circuit a net current at the dynodée 
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MEASURING NET 
CURRENT AT 
A DYNODE 


PE etre TRE EF 





connected to the shunt and galveanometer is measured. 

this net current is composed of the electron current flow- 
ing into the dynode end the electron current flowing away 
from the Gynode. Since these two currents would flow 
through the calvanometer in opposite directions, and since 
the electron current flowing away from a dynode is larger 
than that flowing into it by the multiplication of the 
Gynode, this net current will be larger than that measured 
by the previous method by a factor of the multipilication 
minus one. Some sultiplicaticons computed from the second 
method directly by ratios and those indiested by comperi- 


son of current measured by both methods are given in the 


following iist. 
Multiplisaticon Multiplication 


bynode Net Current (ratio) (indicated) 


13 4,0 ~--- 2.02 
12 28.8 1.39 2.6 
1l 14.1 2.0% 2.81 
10 6.3 2 o2k 2.81 
9 3005 2-06 2.38 
g 1.18 2.58 . 3.40 
7 0.49 20k 3.97 
6 0.178 2.75 3.7% 
5. 0.062 2.87 3.69 


The results listed here and previously were taken on the 
Same tube uncer conditions which were i¢entical except 


for the meaturing eilreuit usec. It is thus pertinent to 
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try tc explain the disparity in the resulta. The most 
probable source of error in any of the measurements is 
leakage between dynoces, some of which will pass through 
the meaeuring circuit. If the leakage is considered to 
be constant at all Seasuring positions, the method ef 
measurement which indicates the least sultiplication must 
be the mothod which also has the larger percentage of 
leakage gince the ratio is used in measurement. Hence, 
the seconé method evidently causes the measurement of 
more leakage than the first method. If this is #20, the 
currents measured in the seconé method ere too lerge. 
Consequontly, the “indieated" multiplication is too large 
by the amount of the retio of leakage in the seconé method 
to totel current in the first methoé providing there is no 
leakage by the first method. However, this cannot be 
safely aesumed. It can be shown that if the leakage re- 
maine a eonstant for a civen method of messurement, 


Ms (i, $1)- Mi, /M, 


where M is the true guitiplication and Mj, Ma, and Mz are 
the multiplicetions by method one, by methoc two, and the 
indicateé multiplication reapectively. Nenee, it ia ine 
dileated that the true multiplication in the extumples given 
is invariably lees tian the inéleated multiplication since 
M, is alweya greater than Bg « The corrected figures are 


given below. 
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Tynod @ Sorreoted Mult. 


13 ou 
12 2 Ok 
li 2071 
10 2.61 
9 2206 
8 3239 
7 3.66 
6 3.60 
3 3.61 


The results listed here seem to indicate that leakage ia 
not a constant and that the results from method 1 are 
probably consistently on the conservative side. With the 
exception of dynocen 9 ané 12 the results tend to the 
trend shown in the results obteined with metho@d 1. It 
would be well to mention here thut the leakage referred to 
is not the current which would be measured “ith voltage on 
the appropriate dynodes and with no souree of electrons at 
dynodes l and 2. This current has already veen eiiminated 
from the measurenents. The only indication that some form 
of leakage does exist is the discrepaney in the measure- 
ments by the different methods, 

In the last tube sesembled, the voltage divider and 
external lead-in wires were potted and it wis not possible 
to make direet measurement of the aultiplication. Fore 


tunately, the output pulses obtained with slpha particles 
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incident on dynodes 1 end 2 were cufficlently large go 
thet a measurement of their magnitude was possible eat 

the output of the pre-auplifier. When pulses were s0 ob- 
served and their magnitudes analyzed by the édiseriminator 
levels of a conventions] sealer, it was determined thet 
maximum observed pulses were &.5 volts end the minimum eb- 
served pulsea were 3.0 volts. By other Measurements it 
was determined that the ratio of maximums to minimum ampli- 
tudes should be in the vicinity of three. HNenee, it waa 
apparent that the pre-amplifier was blocking. The block~ 
ing voltage egreeé with computed limitations of this ame 
plifier. Hence, 1t was estimated that the true maximum 
output pulses would heave been 9 volts with the amplifier 
in the iinweer range. The gain of the pre-amplifier 
measured with 107° second pulses was determined to be 20. 
Consequently, the maximum output pulses at the collector 
electrode must have been 0.45 volts and the minimum pulses 
0.15 volts. Since the total expacity of the collector 
éleotrode and the input etage of the emplifier is 16 uu fd. 


the maximum gain in terms of electrone por alpha particle 


is 
“12 
6 x 10 K Vo. 
Wee ewe tee 


Thus the meximum overall gain is of the erder of 
fifty million for alpha particles. The minimum gain is 
about 17 million and thie gain shoulé be associated with 


the emiseion of one or two electrons per alpha particle 
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at dynode 2. Subsecuent measurement on gamma reudiation 
indicates that the minimum elpha gain is to be associated 
with single electron emission unless it can be shown that 
the maximum pulses from samme rays result from electron 
pair emission. 

When multiplication per dynode is computed from the 
above figures it is found to be 4 if single electrons per 
alpha particle sre emitted, and 3.76 if two electrons per 
alpha particle are enitted. Thus the multiplication per 
éynode is known to within 6% even though the overall gain 
is known only in omer of magnitude. 








Among the measurements which it was desired to make us~ 
ing the Allen tube as a particle detector were the following: 
(1) A measurement of the background counting rete 

in the absence of a purtiele source. 

(2) A Getermination of the overall gain of the 
multiplier-deteector from a measurement of 
the average pulze size at the output of the 
detector when a source of alpha-particle of 
fairly homogeneous energies is brought to the 
detector window. 

(3) A determination of the statistioal variation 
in amplitude of the output pulses resulting 
from the detection of like particles. 

(4) An approximate estimate of counting efficiency 
based on counts obtained from available eali- 
brated sources, 

In order to perform the above measurements it was 
necessary to heve « Suitable amplifier, discriminator, 
scaler, and mechanical counter. A deseription of the 
meusurements will be deferred until the featuresof the 


electronic eculpment used have been discussed. 


The Amplifier 
The emplifier used was depiened and bullt specially 


for this application as an incidental project in the thesis. 


Its design involved the following considerations: 
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a. Upper Cutoff Frequency. 

It was easily proven that the iimit of pulse resolu- 
tion woulé be in the amplifier rather than in the electron 
ulti plier if conventional amplifier design was used. In 
Appendix A, the collector electrode of the multiplier was 
shown to charge through 80% of its response to a particle 


detection in a period of 6 x ww 


seconds. In Appendix G, 
on the other hand, a conventional voltage amplifier was 
shown to have a limited gain, if it was te preserve the 


rise time of an input pulse, given by 


- 8S 
* Cc 


I 


where 


Q 


ia the maximum gain available. 


@m is the amplifier tube transeonductance. 


> 


is the capacitance shunting the output of 
the tube. 
& is the rise time of the pulse. 
When values typical of a 6AK5 were substituted in the above 


formula along with a rise time of 6 x 1072° 


seconds, the 
maximum gain availeble was found to be less than unity. The 
limiting factor in pulse resolution was therefore seen to be 
the amplifier rather than the multiplier. 

A more severe limitation of resolving time than would be 
presented by a fast amplifier, however, was that introduced 
by a scaling circuit. The fustest of these which was avail- 


able comuercially possessed a resolving time of 1077 seconds, 


a huncred times that of the multiplier. While the development 
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of electronic devices capable cf utilizing the very short 
resolving time of the mltiplier was considered very worth- 
while, 1% was also considered far too formidable an under- 
taking to be ettempted as an incidental project to thie 
thesis. 

Aecordingly, the resolving time of the soalar (207? 
seconds) was accepted ae tie Overall limit ang the amplifier 
was designed with thie in mind. An upper cutoff frequency 
of about 10 megacycles per second wes chosen as a design 
figure. In Aprendix H, the optimum gain-per-stage for wice 
bandwidth was ehown to be near 1.65. It was observed, how- 
ever, that an overail gain of 10" could be achieved with e 
bendwidth of 11 megacycles per second by using a guin-per- 
stage of 5 and employing four-terminel network coupling 


between stages. 


2. Lower Cutoff Frequency. 

In view of the very sharp nature of the pulses to be 
amplified, it was felt that the lower cutoff frequency of 
the asiplifiler could be made suite Aigh. A high lower eutoff 
frequency was desired, moreover, as inrmurance efnminst Low 
frequency pickup, miecrophonics ané motorboating. Accordingly, 
an antilysis of the effect of low frequency cutoff was made 
to determine just how high it ecould be made end still pre- 
serve the @iserete character cof a pulse. 

The analysis, presented in Appendix C, sug¢ested @ point 


of view which elucidated the problem. This point of view 
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will now be Gineusaed. A single pulse which has been passed 
by a clroult whioh has both an upper and a lower sutorf 
frecuency will have a waveform which ia the result of the 
coherence, at the instant of the pulse, of all the frequency 
components of the pulse which are pagesed by the circuit. By 
the term coherence is meant the ordered phase relationship 
among the components whioh gives rise, at the instant of the 
pulse, to a net voltage summation rather than a more or less 
complete ecaneelletion. ‘The period of time from the instant 
of the pulse before the coherence of a band cf frequencies 
ig lost cepends upon the retio of the width of the bang to 
the frequency at the amld¢cle of the band, and to the amount 
of amplitude varietion thet existe within the band of fre- 
quencies. <A sharp emplitude varlation lengthens the time 
required for the coherence to be lost. The frequencies in 
the region of a spectrum where the amplitude variation with 
frequency is rapid, then, are the frequencies which tend to 
give rise to oscillatory trailing eéces when the higher fre- 
quencies are not passed. 

It is convenient to define a frequency ageociated with 
the pulse width. Let the central frequency of a pulse be 
that frequency which has a half-period equal to the pulse 
width at the half-amplitude pointe of the puise. It is 
generally true that the central frequency of a pulse lies at 


a point in the spectrum thereef about half-way between zero 
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frequency end the region where the amplitude variation 
is greatest. 

It may be said that, for a given relative bandé- 
width, the frequencies which Lie between the central 
frequency of the pulse and twice this frequency con~ 
tribute most to the destruction of the singleness of 
the pulses. | 

The fraquencies below the central frecuency, on 
the other hand, Go not tend to produce oseiilatory trail- 
ing edges for two reasons. First, they occupy a region 
in the spectrum where the amplitudes are nearly the same 
height; and second, for a bane ef given frequency spresc, 
the relative banéwildth is greater in the low-frequency 
range than in the high frequency range. Accordingly, the 
low-frequency bands will lose their coherence in ea smaller 
number of cycles, or part of a cycle. The components of 
a low-frequency band, moreover, are effective in mininiz- 
ing the oselllatory trailing etges resulting from a 
high-frequency band because they have considerably larger 
anplitudes than the high-frequency components. The wave- 
forma presented in Appendix C may be used to estimate 
the low-frequency requirements in the licht of this dis- 
cussion. 

Treating the amplifier as 4 whole, and assuming thet 
the central frequency of the input pulse lies below the up- 


per cutoff frequency of the amplifier, it is apparent that 
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the troublesome frequency band fa present in the output 
from the amplifier. Prom the curves in Appen@ix C fer the 
case where this is true, it can be estimated that the low 
ith of the 
central frequency of tho pulse in omer te preserve the 
singienesess of the pulse. Assuming, that the broedert pulse 





frequency cutoff aust be ne higher then on 


of interest 1a one micronecond wide at the half emplitude 
point, the central frequency becomes 500 ke and the lower 
eutofrf frequency should be GO kee 
Be Anticipated Input Signal. 
The range of signal voltagea which could be anticipated 
Was computed en the basis of the following, assumptiona: 
(1) A GCapacitance of 15 pf would exist at the mul- 
tiplier colleotor eleetrode. 
(2) “our electrone would be released from the first 
Gynode in preteaa of the srizinal detection. 
(3S) The multiplication per stege within the multi« 
piler weuld be in the range of &.5 to 4.0. 


nagults ef the calculation are: 


Tleectron Multiplication Collector Pulne 
er | “Lee 
2d G.0026 volte 
50D OO19G * 
365 0.2145 . 
Aad 0.987 ’ 


“he preamplifier waa deaslened om the ssswaption that 
the cutput pulee from the multiplier woulé be less then 9.1 
volt. Tt was felt that a gimple inverter=-cathoce follewrer 
could easily be substituted for the pre-amplifier should the 


multiplier prove to have a larger output pulse then 0.1 volt. 
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" the uncertetniy of the multiplication which might 
ve achieved in the electren multiplier made necessary 
the provision for « wide range cf gain adjustment in the 
amplifier. It was sourht to achieve this gain adjustment 
without introducing bLleckinge. To this end, a variable 
tranacenductance tube was used in one of the early atages 
with an adjustable bles. In addition to this, a nuxcber of 
stages were deagizgned with means by which they could be de- 
generated. 
Se Output requirements. 

The amplifier was dealgned te precduce a poaltive pulse 
having an amplitude acreas 1000 ohms of at least £O volts. 
This was accepted ae a reasonable output for driving a scal- 
im; clreult or a synchrescope throuch a ahort length of ¢co- 
axial linee 
Ge Additional Teatures. 

A pulee amplitude discriminator was included for the 
purpose of measuring the atatisties of the Pultirlier Dee 
tector. 

A Means of achieving a somevhat loecarithmic gain re- 
sponse wes included to impreve the detection efficiency of 
the system. & wae achieved by making provision for re- 
plneing twe of the eharp cutoff tubes which amplified nere- 
tive pulses with remete cutoff tubes and by proviciny for 
degenerating two elternate stages which amplify poaitive 
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The amplifier circuits which were degigned in 
accordance with the sbove ¢onsiderations ere shown in 
Dwess D=1039<A and Del039-B in Appendix J. The pre- 
auplifier consists of three stages of voltege ampli- 
fieation coupled with four-terminal networks which are 
not original in this design. It has ea eathode fol- 
lower output matehed to a 93 ohm line. The measured 
steady state voltage cain of the preamplifier is 
plotted in Fig. 8. This data was taken using a General 
Radio 6058 Gignel Generator with the output connection 
desoribed in Appendix K, and a General Radio 18004 
Vaeuum Tube Voltmeter at a matched termination to the 
output cable of the preamplifier. 

The amplifier eonsiste of an inverter stege, a 
gain control stage, four stages capable of being in- 
dividually degenerated by opening toggle switches, an 
amplitude discriminator, a driver tube, and a cathode 
follower. Ordinary IC coupling was employed in the ane 
plifier, but space was left for four-terminal network 
clements should they prove necensary to decrease the re- 
sOlving time. The amplifier provides a 93 ohm termination 
at its input, and is designed to amplifier sharp (0.1 
micro-seconds) positive pulses of not more then two volts 


amplitude. Its output is also a positive pulse limiteG to 
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20 volte for lineer amplification, and to 50 volte 
under conditions of saturation. The output impedance 
is 802. , but the amplifier must work into an imped- 
ance greater than 5000 chms, The cutput connection 


has @ G.@. voltuce to grouné of about 100 volts. 


The power requirements of the amplifiers are as 


follows: 


Pre-amplifier 
Direct Current - $200 volts, 54 milli- 
auperes to ground. 


Filament - 6.3 volts a.e., 1 amperes, one 


side grounced. 


Amplifier 
Direct Current ¢ 250 voits, 160 milli-~ 
amperes to ground and ~-150 volts 


2ma to ground. 


Filament 6.3 volts a.ec., 3 amperes, one side 
grounded and 6.3 volts a.e., 9.6 amperes 
center tapped and earrie! at 4.e, voltage 


of output eonnection. 





The complete amplifier system was tested for pulse 
response using a gas tube pulser* whowe output was at- 
tenuated by a 75 ohm “toggle switch attenuator”’*+. The 
attenuator output was terminated at the pre-amplifier, 
and passed through a 1N34 erystal diode to the input 
stage grid. The use of the crystal wes to cause the 
charge on the grid of the first tube to leak off with 
the same time constant under these test conditions that 
it wonlé have when the amplifier was direetly connected 
to the multiplier colieetor electrode. 

The cutput pulse from the amplifier was observed on 
a P5 synehroseope. The gain of the amplifier was determined 
from the Known amplitude of the pulser output, the known 
calibration of the attenuator anc the observed pulse height 
on the synehroseope. A plot of the observed overall am- 
plifier gein is presented in Figs. 9 and 10. 

When the last Allen tube was tested it was found that 
the multiplleation surpassed the original estimates by a 
sufficient amount to cause blocking of the pre-amplifier. 


"This pulser, designed by J. A. Vare, delivers negative 
or positive pulses having rise times of icss than 0.01 
micro-seconds at trigger repetition rates up to 1000 
cycles per seocnd. 


+Designed by Yardley Beers of the W.I.T. Radiation Lab-~ 
Oratory. 











- 
ae «whe 
eh 










* . — 


i a 
’ 


Ae inet 0bt 96 wee ner 6 mae 












































ero wo \ 
Ail tl ime mi il Z weeteter ger er eae ee tet ofenms tet ete me pon ee barter + ais sot 7 oer e Prorepoeesdanr oe eee sesegecose e s 
rt oo et i ~ woporee ee -peverveccen on Bee 0 8 © 6 perv edege poctmmnet °° smeeoeatece cere => meres ee so ° ° { 
LS ro a woe ey beg ewe eee ee + ‘ oe tepeceemmoreeeoese eo ce eo 6 & loa ceporsopocss frneeercefeecere oe corset aee e 
, iN _/- evesde 1 eorew ewe e © a - arers teas Oe ee ee a a er tye te ete Ottoriezece ¢~ 
DT cd =. 
4 -@- 





Ss we ECDs + 0 o frecereosetratocnesehovir ereredos se © 6 0 + ©  poveteserbecvepor-oh wccs 
. y, t 
| + Grreccresctores corsets ceeces oe oeeoesn eee tacdecoeheo est. - ong 
5 1 
. By oe Ae CPOE 4 0 6 eH ©  Srccteoerber apeeseton 
shee woure wee + 


t+ ee owe ee Prrsebeceegsonnpooss eo 


a 








Se Ont eo e--O- - meme © 
H \ 1 
— z < Sriseaahetereeses $6 - f+ OH me 6 feeehene emerpeoootoecs 
} 
} 
‘ - i a S ~ +P pase wtogeos wanefeseerer ester cee sw le Gres oper ethos ubecee 
i i i 
om) } | | a & | Le : AME 9. : Meeryicesds as eae eserves cs (5. WM eapNel +018 8 eee Nice sss 
1 | - 
eek Fa 
ei é ee - fe reer vege se- bee eo . eovreoeoe ss es - . 











tise siete 
' 
—- wnthowmefonwee etesefesscescsetoens 4 ¢ 


° ewe Je + ~ fpevcherenfuone}e esos toes frececessapescsns cee } comeecortec 


eas 





2 








fone: 





° 
pt Oe pee ot 
1 


poone- 
orn fpoeee fremenn spsnsesnpete eener ced =« ° -« . ope 
sen fes nnpeenen aes we. mafoote te -oef eee = frame nefermer vee . 








CowFTMetn Fwa@E Gras 





a ee ee ee 


ee ater eee 
. 
toeeeeconpece mee we fens oe >. 





~~ os +. 2 4 












fe; ! 1 
| 
8-0 we ont ee ooo 2 ep freorferrnteceepooes » secererpeseroese re fewer ewe 
| i | 
2 cere meee .-.— ~ ornprec--wnneteceeerses pos + oe _ = 
I ' 
ce $retrteees foowece seo poewosocrepe ce o = . 


“sy fe erefemennefeererernegeieciserepeces ove 
Me SE hs owas ecee eee ee oe 
=e -9= = ( “$e eter pene wrweegwseseeerre geese ces & & 
cf meee feveeterferatencerpeemane es 24 Pj, FOr 
i 


—--—-}- eee eee nee 








coprwnccreretee eo. b. 


- ee 














Oat or Oe ee ee eee ae 


’ 
ehrreweetee gs ser ees sei eon ee 





So eet ~ Oe Oo ee oe oe oe 


we > tee © ee wee 


' 
torte est+s +e + cee 2 wre qe tee eee 


t 


oe ee oe 


ene fromebonah . Pmmmwote proses veet ea ete ow codes ae eon 
| 


Poff men reemen eed fee 


¢ 
+ 

ec poveccecee tee o ere. Pototeewebecerpece. frmmemnasteasserereferesescen fe coeoeo eo eo moe q 
! { 


we pews 


SPSS SSS ECE et CO TS oe © 7. «+ 












ee ee eenee ec] ee | | 


ofowe veces eo eee eee er er @ Grete bese pr ese po ce es pmstecepecrosscsebsersoece 


- ae } 
pe crrebunncweccepeecseeceed eres ee - © Rett -ccat wa nnllsmevesttssccsesehencsececsheteccco cee o } 
SU et UT | |. hd] es 
soley uu sorfrerereeretor see ce ee P-ato—vanporeeheveshos om frowetonpuemworecporepecaeeheocgs reo ce « 
ee Cd | eC 


eh eee ee henhneemen 
@aoronp ¢ " N -@@O@ron °¢ " N —_ oe z " N @- cpr on 9 


/Q 2 9 Q 


NOs Svowsves 





ye* ®& Ove rN MOY EN sam ¢ x §$397947 & 
93 39271310 3N390N3 ~ M4, AWOOVINGIS 


B3IGVd HAVA NINZL3IIA Civ? Ove CG. 


Fig. 9. 





. 


Rel ed Mn ne | Se oe shoes ee 
Ne chee ee ba a. -- all ? 

TS deisel hebben. Vo i, a | eee 
iii aoa | Re Me... ca RE wing Ease 


oe ee ae eS 12 ae 
3 
ry | come e+. + ~~ ooo soe eee e sweet ce s- 
Pt 3-40-40 oe — 
. | | axe eS 4S: ae 


tte! fT . slip 


cet ceo owes eo ee om: 





Grranccnaqeeccacerep- ee ese Fees th eee 





frome de sae breneveper a nee ve fas coerce eee cews - 6 
t* a 


1 anterc’ | ° "> “cease otc baseeiee + % 6 


ma? ee ee ee ry 
\ 
imei | 4 meinen es - . . eaerrteregeer ee ee Re beter whee ess oo oe brome aprv es sowes te ere eee 











seergeetere wee bere so 
eee 









meee ee ee wee * Pando pee ot 9 ¢ Gee 4 ad oy e + Gree ’ 4 
$e Oe we ee prentnee prong r es} + wrneereegqen-seeceeg-- ones ep ese So Pepe pereetees she see jrammanmeys « tobe eer ees ewes se es et em ® =4 
ee me ee rere treme tecme ges 8 peneemmnsqeewter see gr eee eee | devvsysmergrersy soos ¢ fen ¢ ‘ od +f 
e 


- 
-20 


aay” 
Dar. 
AO, 
eR 
$ 
; 


ie 
= 
e 


Pete tae «deren trent ewnee fewer en ene be te + oe 0 8 femehence per en geen dee ober mennh ereeseeegs Fs bee 8 2 © ¢ @ igesenmscwrgerestses 4060. grarcos-esa 








+ 


a. Siete. ws « See eeterrevaras eeew ©” + w-<-e ee 


+. 


ee ee Se ee ee oe oes 


doc enpe cee teee o Gamamecpomeennees hs on oes SST HS Soe 8 -e feeeteernye eee we Ome wewetiree wee Bere i. oe oes oe 2 eee <se6ele= = . K 
eee |. denen proeee er cetooe + sare eeqe ewe ee te ee _.& Pee es Gece ss ger~ eas see 2 abe r +6 74 ‘ * ore cee ore te & 


e, 


| {P EPMES 
i 


a 


reemqeene grate get $+ bc t ofemennne penne eeproseeeesepes eet ee ee 
Pomepreeagaen age eee pees © treme pcecesere ht eerent eT HS eH eH HF 
pmehaentecnrgecent ness teemmnntennveneenpucerecacepeceee sc es 


Ne 
AT 


ok 
PATA ., CHET. 
WME A. 
SUAS 





‘ 
¢ ‘ 
-_ 
1 : 
$ ‘ 
: ‘ 
ee 
= « 
. ° 
: . + 
t 
* 
> oe 


rE a4 
SOPRA 


7h ew 1A 


Bee 


é 
-~ e * {> 

' 

é 


fo Se 


ee = ate 
ss Se a re ° oe 
i a ee eee . an oe te ’ es e 
caeesereh © 5 - ©e- +-.-0- 4 é ’ ro “eo sebee « 2 > 
e- ee e+ © @ - ‘ °- cme ¢ 04 ao fer cere te ics hn 6 

* e 


so 
GAIWW Coaar7®0L, FeLE 


formnponmterces geese pemmmnepeecnrerenteccccece ches os =e  Serepeenctennc ges ap) ir 5 fweemiefecc ces si $e * eee ee toe ss ’ * . Ps +o aes ° 


t 
an: 
: + 


| 

; 

{ 

t 

3 

j 
Feet rrews 
CURVES 


° etree epecs ce tee Geom ees te Hemet 2 ee = = + 
Le ee sow eevee tre eqevesd oe FOCCSE See & tree-cerne fas . e Geneades 6 *) + 4 gee ee ’ (oll + ¢ eerahe- 
7 
mmeemnpernege nee be cee fememnnenterensonengeseeer sss peese . 7 © te nsetnemngcs sabes tobe ee - Gmmmnmenpesesse ss ¢ a oe Poweymns tomes ‘ ; ; ete, cave es 2s ; { 
* é ; a | 
. 


a 


i 


Pte erecee quemrmeeqerecessea heer ose cee Hoes 


“ ~ pas OOS OS OS 0 end 

aoe e . me 6 ‘ . . . age-s fom ot é fe 2402 ea hes ° 
orks - t . i* + e aA} a oS, . ry ° ’ ous ses ogres a dene aetanite 

Teme hr Fee Geert egres cone Ores ones esorteouaneve “8B Ree ree HO bee fromm et reste eg cee e sear bers soe Bm O 

er bees ae ee @#naeaeveee 6 eae : P see  Grenee “te . “t: = eos ae 6 « 
Fe Rs aera aw en Oe Be heron one eo coe pe@eero ae Ree ew ee 

o:@ sesmaneds Peewee e 6 cles oe 1 
seve 6 @ 


ooree oee}e ee +e + © & Pisehererporee)- sob ss es fateseesentocs tA. eee 
‘ 
« res 


embeds e sage + -- $s bes Gremewesfeees saustesongess 


| 

| 

? 

t 
r 
i| 
a 
| 


t ¢ 











Sreehesceeeraseo eo eee ee © © eoeseege + teeeecee of ees 2 © & @ ae o0 + « Giemeeeeepesernee 7o eers boron e re eo @ 6 we <peeeeh. 
oe. 1 cere oe te wa doors Hoe ws qemncemamfuoceseresds sere ve cbs +e oe + © © 6 6 reweperwnqersegor s+ + 4 feevemmeee des 
Le cape mm es | 










a +) «© 


a ts 2-7 





aie tie “e+ 





ereersoroerte + + 





VOVLIO/ 


' m °, 6 HF$ID4D PB 


2 8 ‘ . 
O3 “897.19 ere ' sense ~ Che! + en Oe 
ev thas? *¢aO74 BIO C1480) Cove 


GAS 


Fig. (0 


Ae 4 quick remedy to the situation, the resistance fl, 
Dwe. 1039-A, Appendix J, was replaced ty a 50 Ohm re- 
sistor. The overail gain was estimated to have been 
reduced by a fector of 10 by observing that the maximum 
output pulses of the preamplifier after nodification were 
about 1 velit where they had been about 4 volts ané hed 
been blocking. 


Dynode Voitace Supply 

The aynode voltages were obtained from «2 voltage 
divider consisting cf « series connection of 12 three 
megohm, one watt, Allen Bradley composition resistors 
each shunted by a 0.01 microfarad mice conéenser. The 
condensers were included to prevent exterior disturbances 
from entering the tube via the lead-ins, and to reduce 
the resistance noise charuceteristic of composition re- 
sistors. The dynodes were connected, in the manner de- 
soribed in the section on Construction, to the voltage 
divider points so that dynodes no. 1 and 2* and the nickel 
shields were maintaineé at the Gupply voltage while the 
remaining dynodes in the order cf their numbers were main- 
tained at voltages suecesaeively reduced from the supply 
voltage in steps of one-twelfth of this voltace. The 
lath electrode or oollector was connected to 4 common 
ground through the eric return resistor of the pre- 


amplifier input stage. The voltage to the voltage divider 


* Refer te Pwe. P-1025-V, Appendix G, for dynode numbering. 
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was obtained from a variable high-voltage power supply 
through a shielded cable rated at 10,000 volts. The 
power supply was rated at 10 milliamperes et 5000 volts. 
Its voltage was adjustable up to 7000 volts for the cure 
rent drawn in this application. 





. The ultimate test ef the electron multiplier detector 
would be an accurate megaurement of its effiecleney in coun- 
ting alpha, beta, end gamma radiation. fowaver, it wae 
found that this measurement could not he made in this ine 
veatiration bSecaune the Cetermination of the setive area 
whieh Gefines the solic angle of the detecter could not 
be Caeteruined by sny simple experimenta. Consequently, 
the data given in figurea 11 threugh 17 1s to be conaldered 
as typical date rather than calibration data. 

in figure 1] a plot is shewn of the variation in back= 
groum count with power voltage.To obtain the inter-dynede 
veltaze, power voltage can be divided vy 12. ‘The background 
count is aatisfactorily low at a1) practical pewer voltages. 


Migure 12 shows a pict of particles counted from a 
polonium source when power voltage is varied. <A brief con= 
sideration of figures 11 ami 12 together indicates thet «a 
power velterse of 5500 gives eptimum counting conditions for 
strong sources of radiation, and « power voltages near 3500 
ig appropriate for weak sources. If an appropriate verti- 
cal stale were uged, the curve of figure 12 senlé be cone 
sidered a relative efficiency curve for alpha carticle 
counting 

Data for figure 12 wae ottained oy useing *lecriminator 
bias to analyze pulse magnitudes. “his is eséentially a 


curve shewing the variation in overall cain with pewer 
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Fig. 13 





voltege. It ig noteworthy wat the tetal count and dark 
eurrent curves have characteriaties similar to the curve 
of figure 13 up te $500 velts. Above 5560 the increase 
in backgroun¢é count may very well be the regult of corena 
in exterier leads or fleld emission within the tube. 

She curve cf figure 14 shows the effect of amplifier 
gain on counting ability. ‘The several "pleteaue" noted 
indicate that the majority of the pulses are ef sbout the 
game size. The steppe’ down plateaus further indicate 
that sont Variation cecura in the emisalion of electrons 
im the first three or four dynedesa. This form of curve 
ie @expectert im multiplier typo tubea. 

tn obtaining date for figure 15 the ¢cisertainator 
biaa of the scaler Wee used to analyze pulse alizes. "he 
eurye shown could also be cengidered og a pulee magnitude 
diatrivution curve. Here again the variation in the emise 
gion at cone or more of the first four dynodes ta evidenced 
by the several ateps along the negative slope of the curve. 

vigurés 16 and 17 are eimiler te 14 and 15 reapectively, 
except that a gapera sourte was used to produce the pulses. 
‘he more regular distribution cof pulse sizes cbhrerved in 
rigure 17 1a attributed te the fact that cama rays may 
reach any of the 17% active cynodes and preduce an electron. 
This facet, plus the statieticsal variation expected in male 
tipliecation at any aurface tends to Clesvise any steps such 
a3 were observed with the alpha particle seurer. 


An adequate ecurce of Seta raciation was not avallable 
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at the time deta was taken. The response to beta rays 
should be very similar to that obtained for sama rays 
aince both presessesa involve single electrons at the point 
where a pulse is initiated. 

“he curves shown in ficures 11 through 17 indicate a 
somewhat better performance than that of tubes teated by 
Pre Allene Allen found that his optimum operating point 
waa at or very near 4600 volts. Abeve thia veltege the 
backrround count was cbserved by gllen to rise rather 
rapidly. Jurther, Allen's results Go net show ea "platean” 
region when pletting ceamma induced counts against amplifier 
gain. The true extent of the improvement can not be properly 


estimated until exhaustive measurements heve been made. 








in the foregoing sections, the methods uné results of 
testing the multiplier-detector have been presentec. While 
it was not possible to make exhaustive studies of the 
measuring technicues or the tube performance, sufficient 
information was obtained to indicate these conclusions. A 
multiplier-detector of the Ailen design mey be heat treated 
in a stream of hydrogen with resulting performance compar- 
able to or better than that siven by a vacuum processed tube. 
Special mexeures can be taken to prevent corona and leakage 
from adversely affecting the performance of the tube. A 
properly constructec and processed tube cen be used to 
count alpha, beta or gamea rays with high efficiency. 

Among the further studies which sre warranted are the 
following. An attempt should be made to decrease the re- 
sOlving time of the electronic etuipment essociated with the 
detector. A video emplifler consisting of just a few stages 
of 8298 tubes would aid greatiy in mexking measurements where 
linearity in the amplifier is important. A study of the solid 
angle presented by the effeetive windcr cf the tube is recon- 
mended as an important preliminary to many counting experi- 


ments. 
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THE URIVERLITY OF CHICAGO 
Chicage 27, Iii. 
Institute for Muciear ctudles 


Office of the Directar 
Wareh G6, 1947 


Professor Te Ae Getting 
Synchrotron Laberatory, Noam 24-041 
Waesa. Inetitute of Technelocy 
Cambridge 39, Vass. 


Dear Pre Catting: 


I em enclosing drawings of the latest version ef sulti-~ 
plier tube in uae here. “he electrodes are formed frem 
commercial beryliiwa coprer shert appreximately & te 7 mile 
thick. The alloy contains approximately & Se by a) and 
wae obtained from the "eryvllium Company of America. £ 
pomsible, the alley ahenld be annealed dem! sort. 


“he cleaning procedure consists in polishing the elec- 
trodes either with filme abrasive paper or with e emmll feit 
polishing wheel. After che pellishing operation the elec~- 
trodes are cleaned with C Cly. 


he assemble the complete electrocse atructure and place 
it in a clase tube which ia then evacueted. “he electrodes 
are heat treated by means cf em °. . Coll placed arcund the 
fiaes tubs. “he temperature ef the eleetroées is about 
GD to 700% (a Aull red) ani the treatment time about ten 
minutes. After the heat treatment, the electrode system 
may Se removed from the tube and mounted in the metal multi«- 
pier tube aneli. “he electrodes may be exposed te the air 
for several hours without an appreciable Gecreasa in the 
‘gecomiary preperties. After repeated exposures to alr the 
maltiplication ef the tube will decrease. Ucwever, the 
eleetretes may be reactivated by the beat treateeat just 
described. 


“fineerealy youra, 


/a/ Terma Oo» Alien 
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“he alloy fas cttsined from the feryllium company of 
america. It ia identified an their Ne. 2b alloy. It is 
known to have the following characteristics: 


“hicknesa 9.006" 
Cormit{ tien 
Annealed 


Nlemation 40% 
Rarcdness 76.060 Prinell 





ArPERDIX EF 


Listed below tg the capacity cate on the veeuun 
pump used in this investiscation: 

Dirfusilon pump. a2 atage ef] sump produced by 

Platlliation Profvuets Ince of “echester, N.Y. 

he pump 16 deeignated Y¥PLO ant ie ratea et 

10 liters per second at 1074 ie: wr Mp. 


ore Pump: up deal retary cf1 pump Bo. L4Q0r, 
wanutectured by W. 8. telehk Warmufacturing Ce. 
of Chicago, Ill. his pump 28 reted at o.1] 
liters per secena, Umier ideal operating econ- 
ditions it will pump a ayatem to 10°S wm of Hg. 





APPENTIA F 


The nickel ghields at the upper end of the elec~ 
trode argsembly were designed to have two functions: 
one, they help to create u Tielad free region in the 
volume enclosed by the shields and dynodes 1] ané 2; 
two, they prevent ion return from the high numbered 
dynodes to the low numbered ¢ynodes by collecting any 
ions whioh may have a free line of flight to the 
Shields. Further, the shields will alter the surface 
charge in the region of dynodes 3 and 4 in such a mane 
ner that tons will be collected in this region anc may 
not proceed to dynodes 1 or 2. 





APPENDIX G 
RISE TIME LIMITATION OF AN AMPLIFIER 


Consider a single vacuum tube arranged as an ampli- 
fier with a plate load resistance R and a capacitance ¢ 
shunting the plate of the tube. Designate the transcon- 
ductance of the tube by g. Assume that the grid signal 
is that pictured in Pig. 1, characterized by a rise time 
& and an amplitude E. the transient response of the plate 
voltage, e, to this signal may be obtained as the solution 
to the following differential equation: 


- + C ge. = B= [6 ute) - (e-s) a6e-2)] 
Solving, a ES _ & 

e(&) = ~ 3 a [F "e* ) | (2) 
where 

T = RC 


The plate voltage change which occurs during the grid sig- 
nal rise time is obtained by giving t the value S in (2). 





The result may be expressed as ee 
ES fr — 
a { — (3) 
o 
S/- 


The value of the quantity in braces is shown plotted in 
Fige 2. It is seen to have its maximum value, 0.5, where 
T, the plate circuit time constant, is large compared to 
the rise time of the grid signal. Stated roughly, the 


break away from the zero signal axis in response to a step 
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Signal is sharpest in @ clreult having 4« Lome plate eir~ 
cult time constant. 

Aseuming that thie condition le met, then the maxi- 
men pulee gain which cen be realise’ from the amplifier 
duping the grid aignal rise interval he given wy 


ee . 
E 2c (4) 


ACtwally, the emplifier can do better then thie if a time 
lag im the response {a acoeptable. This de so because the 
vige rate of the emplifler respenes aterts at rere and builds 
wp to a maximum at t = . $f the amplifier ts ac Cesisned 
that the plate response Guring an interval of time while 
the maximums response rate ts effective Le ugatile, then the 
maximum gain obtainable frem the amplifier vhtle preservi ne 
the rise time is given by 

[zece Me | JE 
Performing the elifferantiation of (8) the eeximum ealn is 


Tfeount toe be 





[ ets) ] Ss _ 2 5 ()S = Bs 
E. a ec S- (é) 


The quantity in braces ia also plotted in Mg. €. Waxiawm 
gain ie again cbtmined for the concitten thet the plate ¢ire 
cult time constant be large compared to the &liegnal rias time. 
in this case however, the quantity in breecketea is seen te 
have a maximum value of unity. 

it may therefore be atated that the maximus video rain 
Whieh is obtainable frem a single tube amplifier thet has « 


response riee tiwe equal to the grid signal rigs time te 


ee 
o_o vo POthems Ga Viele & et eldariata of Mele 
ao) eee? 4c)* Oeeede Sire od) @f idepe wal? 90/t * pee 











APPERTIXN Be 


Py Fs 7° as “t 


es Sipe RCE =o Cita t apes a 





no. of stages 
interstage capscity 


n 

C 

R plate load resistor 
era tube transconductance 


A total overall gain 
Wee2evf.x angular froquency 
% plate circuit impeéance 
ft. upper cutoff frecuency 
The plate cireult of the amplifier offers the foliow-~ 


ing impedance to ground, neglecting lower euteff consicer- 


ations. 
ai a 4 
a - 29.2 
ia Sl — 1 ew crR 
Tet 


The frequency at which the gain of a stage is } times 
x 








the midband gain is given by the solution of 


R a 


oP 





x* - ji (1) 





The value of f, given by (1) will have the signifi- 
eance of being the overall upper cutoff frequency if 


a > 0.707 (2) 


che number of stages is related to the overail gein 


by 
(gms)" 2 a (3) 
so that 
n —, (is) 


Therefore, substituting (4) into (2) ane solving 
for x 


1/n 1 ,ma 
ke Upto = oe) 
e “peut wee 


The value er the plate load resistance for ma Ximur 


bandwidth may be obtained by &i fsrentiating (1) ane 


eguating the resuit to zero. 






ras 
-- F a x Ox. ix*_3 arc 
ak —— 
(217 RG)* 


This gives the relation 


xR x = x=] (6) 


(5) may be Gifferentiated to obtain an expression for 
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ax = -p0k6 (gm ny “Se ay 
ax = gene 2 (7) 


Substitutines (7) into (6) 


“ 20Le x* = x* 4 


2 iL 
x = 
T=. 3ons 
in A 
From (5) ané (8) | 
2( Tp a) i . 







K* 5 (gmk) > pu 


n& (9) 


Let y = “20h6 


Sinoe y is quite small compared to unity 


(em) Y £ 1% Inlgmlk)y + 1/2 in* (gmedy” 
_ ts leyty* 


ageordingly, ah explicit selution fer g may be ob- 


tained. 
— = Zin (gmk) 
YF 1 = 2in* (gah) 
It follows tren 


% In * 
| 2 - 21m” (enh) 


When thie formule is plotted it Le found that the 


a 


1/2 
optimum value of gm R is very nearly @ / for all pree~ 


ties] Values of A, the overail gain. 
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In view of this faet, the number of atages required 
to give optimum bandwidth is given by 
R-aa2ina 
The amount by whieh exch stuge te Gown in goin at 
the cutoff frequency is ¢iven by 


rink = Lay OT 


Finally, the eutorrf frequency muy be written as 


ie = 1.414 














It ig herein attempted to develop a ertterion fer 
Juéging how low the low frequency eutoff of a clreult must 
be made in order to preserve ea certain fepree of pulee 


waveform. A suitable pulse will be resolve? inte ite free 
quency componenta. It then willl be reconstructed velng 
only the componenta within a reatricte” Prequency bard, 
aseuming that within this band all frequencies suffer equal 
attenuation ami phage shift proportlonal to frequesey. 
This will be performed fer various frequency bends and the 
resulting pulae waveforma will be compared with the original. 
A convenient input pulee for thie purpose Le a sirele 
eycle of @ sine wave because the bi,i-frequency components 
of such a puleeé are almost negligible. The rele pleyed by 
the lew-frequency ond of ite spectrum will accordingly 6« 
all the more apparent. 
let the input pulse be that shown in “Sg. 1 given by 
e= (1- cos fat) J w(t) = 22¢ ea a) / 
"he Laplace Transform of thie funetion le 
io —- @£5 
ils) = eb (7 vo ry 


"he Ceel-Srequency apsoetrum ia given by 
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sy the Pourter Inverrze "ransform the voltage pulse efter 
tims ¢ « 2 ia given ty 
«3 C ath eo ) -s~wet 
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et) ¢ eC fer 


a27T 
“his may be expregsed as 


/ % mT 

e (t) = = JL (eg) cos mee 2 ono 
woere /Eljo)| represents the algebraic magnitude of ff dw). 
“hia in turn sey de a vy 

e (4) = Z. le (in a0) cos fraw (t - Zz) 40 

“he almetralc tarni tude “of y( jw) La plotted in “igs @. 
Partial eums of the ) ag y{ 
“LOjun 40 
e(t) = ral Sa cosl 4 deo (e- £)]ae 


= 
are shown pletted in “Wigs he “these were obteined craphically 


from the cemponente drewn in “Lge Se 

The reeulting pulse wave forme for various frequency 
tanta are plotted in “ig. &. 

Comparing thease with the original the following cone 
cluetons may be drawn. If the cirevit hat a paseaband which 
lay entirely above (Yor, on even entirely above Ota » the 
response of the clreult to eae aim le sine wave pulee would 
net ce a sincle pulee at all Sut a trein of pulser. Oo tie 
other hand, if the paseben! of the cireult lay entirely below 
4yand hed a lower cutoff frequency as sell ag one tenth ef 
its upper euterf, the output from the cireult would have @ 
distinet pulse-like charseter. In order that the pulse width 
be preserved it ia euffleitent that the upper cuter? frequency 
of the eireult be as great an 94,7. If o completely smooth 


tralling edge of the output pulee ia required, a higher upper 
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suitor’ frequency i9 neceseary. 

Tt 4e felt that the above conclusions mey be general- 
ized to apply te eny pulee shape by a euiteble definition 
cf « Atcoréingly might be called the central angular 
frequency of a pulse, and be defined aa the anculer fre- 
quency of a eine wave whose halveperiod equala the pulee 
width at balfeamplitude. Defined in this way it retains 
the elemificance 1t hed in this ahalysie, namely, the di- 
viding iim between frequencies of a spectrum which contri- 
bute mostiy to the amplitude of a diserete pvlae arm: those 
whieh contribute mainly to the pulse shape. 





t’-4AF£O/-GQ ON 9M0 





bw6. NO. D- /O597-A 









RGU 
a ne a aes 5 RLGSO022 
| 
. | 
| ee : a RED #200V DC SEMA 
WHITE EFVAC (AMP 
Se GROUND 
TO AMPUFIER POWER SUPPL 
RC RT &B Ria R42 Fe + RL2O Rei 22 
| 20K 2OKR 20K 20K 20K 2OK LL > BOK 2OK 
| sw iw iW iW iW Ww tw 
Ce CS CF cro C/4 CIS 
OF 434 eid OLE 2A. OD Life Lf 
| L2 C7 i¢ C/2 ic 
= _ L2G Ath ~ - bd 1.26444 = TMU 3 26 si 
| RIO 
KIL 
Y2>W 
RGU 
if C3 é3 ca es Ri GIO02Z2 
| 5.84414 S0QULE S.BLih FOOLS 5.8 ALA 
/ Ve Va 
| GAKS — g GAKS aac? f---- aS RIT 
/ rS5KLL f 75 KILL a 7 ere 
Vaw Ve2W Yaw 
SQLOER TO A fA > 
| COLLECTOR ELECTRODE 7a i ic oa eiee 
LEND-/N x xx 
| 34 34 3¢ : 
Ri R2 RE eq CS Ria RAS . CH Be 
| C/ 22M. 302. -22M4LL JOM. 
ya oe JOLLY. nae ae OOO FS Y2w YW 1000. uufd RL BIdOO1 & RL BI4020 
| | 
= = = a a ia = | 
| | 
axx¢4 a¥ ky 3% *4 alte. 
| oe oe | Bs : | 
lL i 2): a _  S J 
rr ee a ee ee 





LABORATORY FOR NUCLEAR SCIENCE AND ENGINEERING 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


CAMBRIOGE MASS 





| cae ee eee 
-¢na alt Te 2p 7 BE 
me Ae Ape 2 AE MIA WEE, Ome 


DWG NO Dei ~; 


PoePOaardt BS St a OiSs Sieissii:ea ve, dee Ulehea@ad giatigs 
(et: F:0eG, 3 w: «Meats & Ott Shearee * w* 





&-b6EO/-G ON 9MO 


———— ——————————— —» 





| 
| RS 
vt 
as 
| C3 C4 ce 
sO/ 4 Of 
! “YS Kefa, : 
; = 
| 
| os 
| ee 
<e%er4007 Seay ems | $e 
‘ 
| é 
| : I. Pen 
| 3 Law 
R2 
| 22a ML RZ 1000 
| a Yew | 44ft 
. Cé 
| ~~ 
| > = > = + = = 
RP 
7.5 © 
Yaw 
0f7, 
| _ 
| = 
| 
| as 
| 
| 
ee a 





R12 
4BRLL 


Ri 
10K 0 








Vil 
OC3 
R18 24 
Bx iL. GK mL 
a 2w 
C7 c/g8 C22 C23 
Or g OF 4 
Mifs | Life, “fa, 
RIO R23 
(Ka. Cie (KN. 
a JoOupuafed “aw SS cue 
5 S$ 
YI REO _.. 2 VE M26 
é enns | “Fen ~--- }|6Q65| “fav” 
/ alas 64846 
7iT 71 FIT 
ll ll) (0 
- 
ats MS RIP Rs ae R2S 
im ny rae *22HR Jon os ae 
a é 
Yaw Lisfel, lew tw MM fel, Vow 
23 
500M. : 
a 
oar SPST! ogre orn alee 
- C4 C4 
[oa Of 
1} | 
| i : 4 4 
—-———— ——— +4 —-—-~—--- - = Le 
aeons 


Se eS ee 


ae 


i“ = 7 =_— SS eT Tee ee Eee leer ee 





—_ hk —~ amie = 3 


OwG NO D- ane. © - 


|“v5s0E VifWw OF 
-* 
Ri P/4087 





€3t ¢45 
ong TOE 


1 250vV OC 4/690 | 


47 
4A ALL 
2w re 
Faw 
v8 
6AG7 





wy, 
27 
Ca 
(OC Agu fe, 
R52 
$40. C37 “ak 
aw sy “ONge| tis 
POLL A 
2 Raggy 
3044h 
7 


LABORATORY FOR NUCLEAR SCIENCE AND ENGINEERING 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE MASS 


— —— 
— i —- — CE Ss ae OO ee ee ee ere ee eee 


: 
| 
| 
! 
- 
| 
L 


me yi 7/PLIek DETECT CR TUBE 
OCMUBLALS Els Se HEMATLS WTKING L/AGKA 


FO.e hanced OA Bocas ae bi BiB irOeas va. dod Ctwdaegied siaits 
peactipass 2 ww, Mama, 2 BOS dmavaee f 6" 








S&YPEND IZ K 


In the course of testing the pre-amplifier it waa ob- 
servec that the General Radio Signal Generator 605B guve a 
voltage output different from that indicated by its ealli- 
brated attenuator setting for frequencies above ten mega- 
cycles per seconé. At the advise of the General Smélo 
Gompany, & cable fitting wis constructed which practically 
Gliminated the éiserepancy. 

The fitting consists of an adapter between the General 
Radio ecaxial connector of the signal generator end a U.H.F. 
eable connector, eontaining in series between the two son- 
nections a resistor of 40 ohms. It was found that the 
voltage at the matehed termination of a 50 ohm U.H.F. cable 
connected to the signal genereter through the fitting de- 
scribed bore 4 constant ratio to the voltage indicated by 
the signal senerator ettsnuator for sll frequeneles up to 
30 megacyeles per second. This ratio was determined to be 
O.&7- 

The fitting is not designed for the constant one volt 
Gutput terminal, nor for the multiplier setting ef 10000. 
Oniy the renaining multiplier settings 1, 10, 100, and 1000 
cause the output impedance of the signal generator to be 


iO ohms for which the fitting is designed. 














